ABSTRACT. This special feature provides an overview on how the ecosystem service concept has been and can be incorporated into the science, practice, and policies of ecological restoration (ER) and evidence-based land-use. It includes an edited selection of eleven invited and peer-reviewed papers based on presentations given during the 9th European Conference on Ecological Restoration in 2014. The focus is on Europe, but many contributors also make appraisals and recommendations at the global scale. Based on the contributors' papers, and our own overview of the promise of ecological restoration in the existing international treaties, coalitions, and conventions, we propose that the following actions could contribute to the positive impacts of ER on biodiversity maintenance, ecosystem functioning, progressive mainstreaming the concepts of both ER and ecosystem services, significant mitigation and offsetting of anthropogenic climate change, and lasting enhancement of both ecosystem and human health: ! ER should be incorporated into land use planning, wherever needed, and the synergies and trade-offs of different land use scenarios should be assessed in terms of their impacts on ecosystem services. ! The discourse of ER should be enlarged, wherever it is needed, to include multifunctional land use that simultaneously supports sustainable production systems, built environments, and the quality and quantity of diverse ecosystem services. This approach will generate ecological, social, and economic benefits in the long run. ! Monitoring and evaluation of ER projects should be a continuous process involving careful selection of indicators chosen with the full range of stakeholders in mind, and a sufficiently long-term perspective to catch the progress of long-term or highly dynamic ecosystem processes. ! Scientists should actively participate in policy and land management discussions in order to give their views on the potential outcomes of decisions. ! Greater cooperation and exchanges are needed within the EU and globally in order to accelerate the upscaling, improvement, and mainstreaming of both large-scale ER and the science and application of the ecosystem services concept.
INTRODUCTION
Knowledge of the potential of ecological restoration (ER) and demand for scaling it up are on the rise worldwide. The concept and emerging science of ecosystem services will help, because ER helps address biodiversity and ecosystem services objectives simultaneously (Bullock et al. 2011) . As is well known, healthy ecosystems -that is systems that are well-organized, selforganizing, and functioning in a coherent landscape matrixcontribute to and improve the health and well-being of people (Millennium Ecosystem Assessment 2003) .
What is new today is the awareness that we can -if we work together, across disciplinary, economic, and ideological dividesactually augment renewable and cultivated natural capital through ER, thereby maintaining biodiversity, and enhancing the quality and range of ecosystem goods and services on which our own health and wellbeing depend (Brauman et al. 2007 , and references therein).
The ecosystem service concept and the efforts to value ecosystem services are attempts to create explicit and binding values related to non-monetary as well as monetary benefits derived from those services. Despite the concern that the inherent value of "Nature" may be overlooked if economic valuation alone drives decisionmaking (Meine et al. 2006 , Schröter et al. 2014 , the ecosystem services concept provides a common ground to discuss and take policy decisions regarding the environmental footprint, and longterm desirability and sustainability, of diverse land and water uses (Naeem 2002 , Aronson et al. 2007 , TEEB 2010 , Neßhöver et al. 2011 , Alexander et al. 2016 . In this context, it is critical to clarify the possible roles, limitations, and opportunities provided by the science and application of both ER and ecosystem services in the safeguarding of biodiversity, and the maintenance of wellfunctioning, well-integrated ecosystems in our finite, bounded world (CBD 2012, Aronson and Alexander 2013) .
The 9th European Conference on Ecological Restoration, organized by the Society for Ecological Restoration Europe Chapter (SERE), was held in Oulu, Finland in August 2014. This was the time when the planning of the fulfilment of 15% restoration target had just begun in most EU countries. Almost 400 participants from 36 countries attended, bringing experience and perspectives from natural and social sciences, EU policy spheres, land management, private companies, consultancy firms, and NGOs concerned with restoration and conservation. These delegates gathered together to discuss the integration of the emerging science of ecosystem services, the science and practice of ER, and myriad timely land use questions. By collecting an edited selection of eleven papers presented during the Conference this special feature provides an overview and appraisal of how the ecosystem service concept has been and can be incorporated into the science, practice, and policies of ER and land-use. Another special issue arising from the same SERE2014 conference addresses the concept of biodiversity and ecosystem services at mining and industrial sites in particular (see Prach and Tolvanen 2016) . http://www.ecologyandsociety.org/vol21/iss4/art47/ LEGISLATION AND POLICY RELATED TO ECOLOGICAL RESTORATION During the last decade, ER has become increasingly prominent in global, national and regional treaties, coalitions, and UN conventions. The European Commission was a pioneer in these efforts (European Commission 2011), through its Biodiversity Strategy 2020 program which includes a target to 'restore' or more accurately -to begin restoring 15% of all degraded ecosystems in the EU by 2020. The next year (CBD 2012) , the UN Convention on Biological Diversity took this same goal to a global scale. Then, in 2015, strong support and 'soft laws' calling for large-scale ecological restoration were provided by the UNCCD (2015), UNFCCC (2015) , and the UN General Assembly (UN 2015). These conventions emphasize the feedback between land degradation and anthropogenic climate change, and assert that ER and sustainable land management are effective and essential means to reduce greenhouse gas emissions. Still, a great deal remains to be done to improve the ecologically healthy relationship "between nature and culture", to borrow from the Mission statement of the Society for Ecological Restoration (SER). The Convention on Combatting Desertification (UNCCD) has launched a program to achieve Land Degradation Neutrality (Reed and Stringer 2016) , in which ER is one of the key components. We also note the growing number of governments creating new policies and laws with respect to ER and ecosystem services (Colombia, Brazil, South Africa, New Zealand, the US, Canada, among others, and also the EU).
So far, the progress of the implementation of the 15% restoration target in the EU has been modest. All member states failed to honor their commitment to deliver a sound national restoration prioritization framework by the end of 2014 (Cortina-Segarra et al. 2016) , and few member states have even started to work out their restoration prioritization framework or consider alternative strategies to counterbalance ecosystem degradation. There may be many reasons for the poor implementation of EU biodiversity strategy thus far, such as costs and burdens placed on authorities and stakeholders, the ability to simultaneously achieve the goals of other EU policies (Milieu, IEEP and ICF 2016) and, in some cases, impractical initial restoration targets in relation to the level of degradation and land use (Kotiaho 2015) . Jørgensen (2015) also points out in this special feature that there is a risk that the focus of policy-makers may shift from biodiversity itself to the incentive to maximize "restored" areas in order to meet national commitments to the EU goals. The reason for concern on this subject is that ER has three different roles in both CBD and EU biodiversity policy documents, namely as an objective, as a target, and as a tool. As ecological restoration itself has been listed as an objective of the EU policy, meeting that objective through the use of a tool deployed to reach a numerical target becomes an accounting exercise instead of something more holistic and farseeing (Jørgensen 2015) .
Furthermore, in the EU, biodiversity offsetting is a recent policy approach employed or evoked in attempts to better align economic development with nature protection (Shoukens and Cliquet 2016). The EU Nature directives are facing opposition not only from some businesses and industrial sectors, but also from some Member States that struggle with conservation objectives. In this special feature, Shoukens and Cliquet (2016) provide an overview of compensation approaches and their potential implications on the effectiveness of EU Nature Directives. They show that that ER cannot be used as mitigation in the context of the EU Nature Directives, unless it can be demonstrated that they directly mitigate or reduce the effects linked to real estate development on the targeted areas or patches of habitats. Coordinated and proactive application of restoration, and incorporation of adaptive management at permit of planning level, could constitute a promising pathway towards more sustainable project development (Shoukens and Cliquet 2016).
EVALUATION OF ECOSYSTEM SERVICE DELIVERY IN ECOLOGICAL RESTORATION
Careful evaluation of ER is important in assessing the success and cost-efficiency of restoration projects, not only for communicating the information generated but also for securing future funding and land areas for restoration projects. Nevertheless, formal evaluation often lacks altogether in restoration projects, or is restricted to a single or just a few postrestoration events (Suding 2011) . Poor, short-term, and poorly documented evaluation creates a risk that inefficient or ineffective methods and tools will continue to be needlessly used (Nilsson et al. 2016) . In order to holistically assess the impacts of the varying restoration processes set in motion in a project, evaluation should be a continuous activity (Allen et al. 2002) promoting adaptive management. In this special feature Nilsson et al. (2016) develop a conceptual framework for evaluating the process of ER. They identify three major phases; planning, implementation, and monitoring, and show that evaluation can occur both within and between each of these phases. To improve the restoration process, and to transfer the knowledge and knowhow generated to future projects and programs, more formal, and more sustained evaluation procedures are called for. They should also involve all relevant stakeholders, and generate active documentation and dissemination of the results, experiences, successes, and failures (Nilsson et al 2016) .
A sufficiently long-term time frame is also needed to allow scientific evaluation of the impact of restoration projects on biophysical parameters. Especially in regions with short vegetative growing seasons, ecological processes may be slow to proceed, with the result that some of the desired restoration outcomes may take decades or even centuries to achieve. But, the processes per se are also important, especially in highly dynamic ecosystems. In their contribution in this special issue, Boerema et al. (2016) show that in highly dynamic ecosystems a 'snapshot' evaluation of a restoration project can give a false estimate or indication of success.
The diversity of restoration aims has raised a number of conceptual and practical implications for the way that restoration projects are monitored and evaluated (Clewell and Aronson 2006, Hughes et al. 2016) . Biodiversity targets, which are often seen as the principal target of restoration, may be only partially correlated with ecosystem service targets and outcomes. As a result, metrics for monitoring biodiversity do not necessarily coincide with those for monitoring ecosystem services. Hughes et al. (2016) discuss the choice of metrics for monitoring ecosystem services and the difficulties of assessing the interactions between ecosystem processes, biodiversity changes, and ecosystem services affected by restoration projects. They conclude that reporting the achievements of a project in terms of biodiversity metrics alone http://www.ecologyandsociety.org/vol21/iss4/art47/ gives a very different context for valuing its achievements compared with reporting impacts on ecosystem service range and provision. Hence the choice of monitoring metrics and the incompatibilities of measurement scale and sampling design of many biodiversity and ecosystem service metrics can have a significant impact on the results reported, on who values what in a given restoration project, on perceptions of cost-effectiveness and, finally, on how decisions are made based on the monitoring results (Hughes et al. 2016) .
ECOLOGICAL RESTORATION WITHIN MULTIPLE LAND USE SCHEMES
Already a decade ago, de Groot (2006) pointed out that multifunctional land use is an operational concept to simultaneously plan for and generate ecological, social, and economic benefits. Although this view is commonly accepted now, more efforts are needed to insure the integration -where needed -of ER as a land use in large-scale land use planning. Socioeconomic drivers often motivate the decision to start an ER project (Hagen et al. 2013) . In order to get support, restoration projects and larger programs need to demonstrate their importance and success in relation to other land uses and the ecosystem services they each provide (Tolvanen et al. 2012) . They also require the coordination of land uses and management over a larger area, usually with a range of partners, land owners, and stakeholders ). For example, Marttila et al. 2016 show in their contribution to this special feature that expectations about stream restoration outcomes reveal different priorities among sets of stakeholders in a given project. How well these expectations on landscape value, fisheries opportunities, and regulating services, etc., are or may be met, influences perceptions of success or failure. Adams et al. (2016) also emphasize in this special issue that mutual trust among stakeholders and institutional strategies are needed to ensure that conservation and ecosystem services gains are not reversed when funding runs out, private owners change priorities, or land tenure changes occur.
As many benefits of ER are of non-market and public, they are rarely represented or defended in conventional decision-making processes. An essential step in the process is to make the consequences of different land use scenarios as explicit as possible . In their analysis of this problem, show that the broader benefits of restoration, e.g., those arising from the avoidance or reduction of flood hazards, and the increase of tourism and recreation opportunities, etc., may well outweigh the costs to individual landowners due to decrease of food production. These kinds of quantitative analyses are important in identifying synergies and trade-offs among alternative land use planning policies and restoration scenarios.
Evidence-based land use policy relies on the availability of scientific information , Kangas et al. 2016 . Nevertheless, scientific information often requires complicated analyses and high level expert evaluation. To have real effect, scientific information should be inserted -and, where needed, simplified -to fit into decision criteria and/or tools, where biodiversity conservation through set-asides, and ER, are assessed together with other land uses, and the ecosystem services they each deliver. In this way, optimum management interventions and operations can be targeted to the areas where they are best suited.
For example, in their contribution to this special feature, Kangas et al (2016) develop ecological criteria to locate suitable areas for tourism and recreational infrastructure and to assess the success of nature conservation in a study region with concurrent needs for the development of nature conservation, tourism and recreation, and forestry. Their method can be transferred and applied to other regions and land uses such as the biodiversity conservation in the city planning (Kangas et al. 2013 ) and the development of tourism and mining areas (Kangas, Tolvanen, Juutinen, unpublished manuscript) provided that the scoring is adapted to local conditions and available data sets (Kangas et al. 2016) . Similar to the proposals of Decleer et al. (2016) , however, this quantitative assessment was made possible through of large amounts of high quality data, which may not always be possible for similar planning approaches elsewhere.
Echoing Bullock et al. (2011) and others, Alexander et al. (2016) argue that there is a strong inherent relationship between ER and the ecosystem services concept, with the latter providing some guidance on how ER may be planned and implemented at landscape and regional scales. Clearly science and technology alone will not allow meeting the potential or the demand for largescale ER. Similarly, jurisdiction will also not be enough to truly mainstream and assure longevity for restoration projects and programs even though they may be essential to integrating them within larger landscape mosaics and regions (Ford et al. 2015) .
CONCLUSIONS
Since 2014, discussion of the above-cited 15% target has been lively in the EU; unfortunately little has been achieved in relation to the key target (Cortina-Segarra et al. 2016) . Ongoing threat exists that the EU target to halt the degradation of biodiversity will be 'watered down'. Scientists should actively participate in the political discourse in order to keep ER in the agenda and give their views on the potential outcomes of land use decisions. Concerning climate change, it should be acknowledged that sustainable land management, ecological rehabilitation (focused primarily on functionality), ER, and integrated land use planning, provide immediate, cost-effective, and potentially large-scale mitigation benefits (UNCCD 2015) . Furthermore, land and ecosystem degradation processes are known to be both causes and a consequence of anthropogenic climate change; imprudent agricultural practices, deforestation, and ecosystem conversion of natural or semi-natural areas to built environments spur almost 25% of total global greenhouse gas emissions (IPCC 2014) . The emissions can and should be reduced through more sustainable land use and management, combined with land rehabilitation and ecosystem restoration activities.
In closing, let us go back to our first sentence in this synthesis paper. Knowledge of the potential of ecological restoration and demand for scaling it up, are on the rise worldwide. We're on a 'roll' -hopefully -and we need to nurture it. In Europe as elsewhere, the key challenge of achieving effective, long-lasting ER in all ecosystem types is that our exponential use of renewable and nonrenewable natural capital must be weighed against the myriad benefits to present and future generations to be gained from maintaining biodiversity and 'healthy' environments and the restoration and rehabilitation of degraded areas and ecosystems. Multidisciplinary research, evaluation strategies, and far-sighted and more just national policies must come to be the rule rather http://www.ecologyandsociety.org/vol21/iss4/art47/ than exceptions in the discussion around ER. In periods of economic and political jolts and crisis, in particular, it is tempting to seek quick solutions that bring short-term ease to the economy, but these may well have devastating long-term environmental consequences adversely affecting the well-being of future generations of humans and indeed all life on Earth.
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